During plastic deformation of granular materials due to loading, the stress-strain and strength characteristics of sand grains are influenced with grain size, their distribution and packing. Also the macroscopic behaviour of granular materials changes with the variation of microscopic behaviour. Particle size is one of the important properties which plays a dominant role on the stress, strain and strength responses of granular materials. Alteration of grain size results in the change of void ratio as well as particle effective contact area revolutionized and the load distribution mechanism of particle to particle contact. To evaluate the effect of particle size, a series of direct shear tests were performed considering uniform particles of eight samples (0.075, 0.15, 0.212, 0.300, 0.600, 1.18, 1.72 and 2.76 mm) and graded particles of two samples (0.075-1.18 mm and 0.075-2.36 mm). Three types of normal loads (0.05, 0.10 and 0.15 kN) were selected for each test. For uniform particles, particles retained on individual sieve size were considered and in graded particles combination of each uniform particle pondered. A theoretical approach was also proposed to correlate the particle size and macroscopic response. From the experimental results it was observed that for each set of normal load with the increase of particle size, angle of internal friction as well as maximum horizontal shear stress increases for uniform sands and a similar response was noticed in graded sands but the larger the gradation the higher the shear strength. Maximum horizontal shear and angle of internal friction with respect to particle size is also influenced by normal stress. Experimental results have good agreement with the theoretical approach.
INTRODUCTION
Particle size plays an important role on the strength behaviour of granular materials. The size of the particles in the granular mass alters the fabric and is responsible forthe variation of strength behaviour. When granular materials are subjected to loading, particle size and their associated voids play an important role in the dissipation of energy. The load transformation mechanism of the granular mass depends on the individual soil grains as load transfer particle to particle and the macroscopic response of granular mass is the resultant of the individual response of the particles.
To evaluate the influence of particle size, numerous laboratory as well as numerical tests have been performed in the last few decades. The diversity of the conclusions of conducted research revealed an ambiguity which lead to further investigations. Moreover, theoretical relationships between the particle size and stress-strain and strength are still elusive. In laboratory experiment, different types of testing apparatus (direct shear test, triaxial test etc.) and in numerical analysis 2D-DEM and 3D-DEM (Discrete Element Method) were adopted. Frederick (1961) pointed out that macroscopic response of granular materials changed with the alteration of particle size. Kolbuszewski and Frederick (1963) reported that macroscopic behaviour of the granular mass is the summation of the individual response of the particles and the deformation of the mass before crushing depends on the individual soil grain size. In order to investigate the effect of particle size, Kolbuszewski and Frederick (1963) used ballotini (glass beads) and concluded that maximum porosity decreases and compressibility increases with the increase of particle size. Particle size effects dilatancy component during the triaxial test. Zolkov and Wiseman (1965) conducted triaxial tests to study the effect of particle size and observed that the angle of shearing resistance increases as particle size increases. Kolbuszewski and Frederick (1963) reported similar conclusions to Zolkov and Wiseman (1965) but Kirkpatric (1965) found a different result. According to Kirpatric (1965) the angle of shearing resistance decreases with the increase of particle size, which agreed with the findings reported in Marschi et al., 1972. To determine the effect of particle size Chattopadhya (1981) performed direct shear tests using Mogra sand and described that the fabric of the granular mass is a function of the particle sizes and their distribution and the maximum void ratio increase with the decrease of particle size while Kirpatric (1965) reported maximum and minimum void ratios remain constant with the particle size. From the numerical observations (2D-DEM) Sitharam (2000) suggested that due to change of the particle size and gradation, stress-strain behaviour of granular mass changes. A change of particle gradation maintaining the minimum particle size as constant, results in the decrease in the angle of internal friction and also increase in volumetric strain. Martinez (2003) using conventional triaxial test reported that particle size affect the stress-strain and volumetric strain behaviour of the granular materials. Katzenbach and Schmitt (2004) using 3D-DEM (PFC) conducted triaxial simulation to evaluate particle size effect and found that particle size distribution strongly alters the stress-strain behavior. Herbold et al. (2008) reported that the dynamic mechanical properties alter with the increase of particle size. Gupta (2009) investigated particle size (25, 50 and 80 mm) for Ranjit Sagar Rockfill Material (RSRM) and Purulia Rickfill Material (PRM) and found that for RSRM angle of internal friction increase with the increase of particle size for RSRM but for PRM angle of internal friction decrease with the increase of particle size for PRM. Islam (2009) using 3D-DEM (YADE) observed that particle size alters the strength characteristics. 
SAMPLE PREPARATION
To investigate the effect of particle size, two types of samples were selected: uniform particle (particles of about same size) and graded particle (particles of wide range of size). For uniform particle, eight (8) All samples (uniform as well as graded) were natural sand (NS) rather than manufactured or crushed sand (CS). According to (Villalobos et al., 2005; Cho et al., 2006 ) the NS and CS differ in particle shape and surface characteristics. The NS are rounded whereas CS is angular, the void ratio of NS compared to CS is lower where fineness of CS is higher compared to NS. The sand particles are locally available from the Padma River Sand in Rajshahi. In nature, it is difficult or even impossible to determine the individual particle sizes or mono size particles. But a numerical model like Discrete Element Method (DEM) is capable of deal mono size particles. The author investigated the mono sized particles (Islam, 2009 ) to evaluate the effect of particle size considering the b-value and found particle size also plays an important role. In sample preparation, particle size was selected based on the amount of soil particle passing through a specific sieve opening but retained on a sieve of smaller sized openings. Soil grains retained on any sieve in this way was the combination of specific particles size range (not mono size particle), all of which were smaller than the openings of the sieve through which the material passed but larger than the openings of the sieve on which the soil was retained. The shape of the particles was almost rounded. The properties of the sand grains which were used to investigate the effect of particle size are tabulated in Table 2 .
Specimens were prepared using the compaction method. For sample preparation ASTM D3080 was followed. A mould with a diameter of 5.08 cm was used to prepare the specimen. Each sample was poured into the mould in three layers and tamped to compact the materials. Before starting the tests, samples were submerged in water to avoid the fine content as fine content has influence on the shear strength behaviour of granular materials (Rahman, 2009 
TEST PROCEDURE
The direct shear test was conducted by deforming the specimen until failure. At failure maximum shear stress was obtained. The test was performed by applying a predetermined normal stress (0.05 kN, 0.10 kN and 0.15 kN). In the direct shear test there is a device which holds the specimen securely between two porous inserts. Care was maintained so that torque was not developed or applied to the specimen. The shear device is capable of applying a shear force to the sample along a specified shear plane, which is parallel to the faces of the specimen. There are shear boxes of circular section (5.08 cm diameter) in a direct shear test. The box is divided vertically by a horizontal plane into two halves. Porous inserts are placed in top and bottom of a sample. It transfer horizontal shear stress from the insert to the top and bottom boundaries of the sample. There are two types of loading device: loading device for applying and measuring normal forces and loading device for shearing the specimen. For the measurement of shear force a proving ring or load cell was used. During the shear the strain rate was uniformly applied throughout the tests.
THEORETICAL APPROACH
When sand grains in granular mass touch each other at finite contacting area (dry condition), the external stresses are carried by the particulate mass. Due to excitation of external force, particles move. The shearing deformation of granular mass under Triaxial compression originated along the sliding plane (Figure 3 ), where (Murayama, 1964) . According to Murayama (1964) 
where 2 min max r r r   = Average radius, but in practical, r is different.
Again, Total Volume ,
Where V = Total volume and V s = Volume of Solids, e = Void ratio
The volume per particle will be (for unit section),   
From Equation 5 it was observed that α, γ, p n , p s depends on particle number, N and particle number is the function of particle size, r. On the other hand, void ratio e is the function of particle radius r. So particle size (microscopic properties ) plays an important role on the macroscopic response.
EFFECT OF PARTICLE SIZE
To investigate the effect of particle size, three sets of loading (0.05, 0.10 and 0.15 kN) were selected for each of eight particle sizes. For each load set it was observed that with the increase of particle size, the shear strength properties increased as shown in Figure 5 , which shows that particle size influences shear strength behaviour. Selig and Roner (1981) using triaxial tests reported that for varying void ratio with the increase of the particle size, shear strength increases and void ratio decreases with an increase of particle size for constant volume, but the shear strength is independent for common void ratio. Islam (2009) using 3D-Discrete Element Method (Constant Mean Pressure Test and Constant  3 ) observed that if void ratio remains constant and particle size changes then shear strength also varies, which is similar to the present experiment (Direct Shear Test). The authors also investigated using the Digital Direct Shear test and observed similar results (Islam et al., 2011) .
From Figure 5 (a), 5(b) and 5(c), it is observed that for each loading (0.05, 0.10 and 0.15kN) with the increment of particle size gradually increases the shear stress. The comparison of maximum shear stress for individual grain size with respect to variation of loading is shown in Figure 5 (d) and for three types of loading similar qualitative response is observed. In Figure 5 (e) for individual particle size the angle of internal friction (Equation 10) is shown and shows an increase in friction angle with increase in particle size, which is similar to Chattopadhya (1981) .
To investigate the effect of gradation, two types of gradation (smaller gradation = 0.075 to 1.18 mm and wider gradation = 0.075 to 2.36 mm were considered and noticed that with the increase of gradation, shear strength increase ( Figure 6 : a, b and c) and for each gradation normal load effect are shown in Figure 7 : a and b and found that with the increase of normal load shear strength increase like uniform particles.
The authors have also investigated the effect of particle shape using natural grains and strain rate and relative density considering the same particle size (uniform and graded particles) using the strain rate controlled Digital Direct Shear Test (Islam et al., 2011) . 
CONCLUSIONS
Due to change of particle sizes, associated void space among the grain mass alters and changes the contact surface. On the other hand, the variation of particle size influences the rolling resistance and sliding resistance and is also responsible for the deviation of the shear strength behaviour of the granular media. As a result, when the granular body is subjected to load, the stress, strain and strength responses also differ with particle size.
In the present study, the effect of particle size was investigated and the outcomes from the experimental results are as follows:
 With an increase of particle size, the maximum shear strength as well as angle of internal friction increases and the normal load also plays important role.  With an increase of gradation smaller to wider, maximum shear strength and angle of internal friction increase. The response of maximum shear strength is higher in graded particles as compared to uniform particles.  In a theoretical approach the relationship between particle size and force has been developed. From the mathematical relation it is observed that normal stress, shear stress and the resultant force alters due to change of particle size, which also satisfies the experimental results. 
